Objective: We examined changes in participation in cognitive, social, and physical leisure activities across middle and older adulthood and tested moderation of trajectories of change in participation by gender. Method: In all, 1,398 participants in the Swedish Adoption/Twin Study of Aging (SATSA) completed a 7-item leisure activity questionnaire up to 4 times over 17 years. Mean baseline age was 64.9 years (range = 36-91); 59% were women. Factor analysis identified physical, social, and cognitive/sedentary leisure activity participation factors. Age-based latent growth curve models adjusted for marital status, gender, education, depressive symptoms, and physical health were used. Results: Overall, results indicated stability in social activities, increase in cognitive/sedentary activities, and decrease in physical activities, as well as accelerated decline in all three types of activities after about the age of 70 years. Social activity remained mostly stable for women and declined for men. Women reported higher levels of cognitive/sedentary leisure activity across the study. Both men and women declined in physical leisure activity. Variance in leisure activities increased with age; men demonstrated more variance in social activities and women in physical activities. Conclusions: Understanding change in leisure activities with age and by gender can have important implications for interventions and for use of leisure activity data in epidemiological research.
Participation in leisure activities has been associated with favorable late-life psychological (Adams, Leibbrandt, & Moon, 2011; Cacioppo, Hughes, Waite, Hawkley, & Thisted, 2006; Silverstein & Parker, 2002) , physical (Haskell et al., 2007) , and cognitive (Crowe, Andel, Gatz, Pedersen, & Johansson, 2003; Hultsch, Hertzog, Small, & Dixon, 1999; Wilson et al., 2003) outcomes, although a downward adjustment in activities (Baltes, 1987) , or in social relationships specifically (Carstensen, 1992) , may be adaptive in aging. Multiple theories of aging discuss activity participation. For example, the continuity theory of aging (Atchley, 1989) has highlighted steady participation in leisure activity of the same type as the most adaptive strategy to aging even in the midst of age-related physical and psychological changes. The activity theory of aging posits that greater participation in leisure activities and substitution of activities that are no longer available with new activities (as opposed to simply reduction in activity) are the best ways to promote overall well-being with aging (Havighurst, 1961; Lemon, Bengtson, & Peterson, 1972) . Building on these two theories, the innovation theory of successful aging (Nimrod & Kleiber, 2007) points out that innovation in activities, albeit infrequent in later life (Nimrod, 2007) , can be a particularly satisfying and meaningful, potentially leading to favorable late-life outcomes.
Life-span developmental theory (Baltes, 1987) points to fewer gains and increasing losses as the driver of human aging. Adaptation to this process by selective optimization with compensation, which includes reduction in activities and/or moving on to activities where age-related limitation plays a lesser role, is central to this theory (Baltes & Carstensen, 1996) . Kleiber and colleagues (Kleiber, McGuire, Aybar-Damali, & Norman, 2008) propose the concept of selective disengagement, whereby doing less due to age-related physical constrains might be life enhancing. Finally, the idea of successful aging (Rowe & Kahn, 1997) is innately intertwined with the notion of engaged lifestyle. According to this theory, physical and social leisure activities are integral to all three principles of the successful aging theory: physical, mental, and social well-being, although the socioemotional selectivity theory (Carstensen, 1992) would argue that decline in social activity may be adaptive as aging individuals focus on fewer, more meaningful relationships.
Activity participation, defined here as the frequency of participating in physical, social, and cognitive/sedentary activities, appears central to the process of aging. Understanding changes in activity participation across older adulthood is crucial for further substantiating or refuting these existing theories. However, only a few studies to date have investigated how participation in leisure activities may change over time. For example, even though decline in overall activity participation was recently reported for both men and women, level of activity in late life tended to be a continuation of level of activity in earlier life (Agahi, Ahacic, & Parker, 2006) . Stability in activity participation was also reported by the PATH Through Life Project (Bielak, Anstey, Christensen, & Windsor, 2012) .
Conversely, a steady decline in participation over time was observed for cognitive, social and physical activities in the Victoria Longitudinal Study (Small, Dixon, McArdle, & Grimm, 2012) , with decline in physical activity accelerated later in life. In data from the Americans' Changing Lives (ACL) study (House et al., 1994) , participation in leisure activities declined exponentially with increasing age across social and physical leisure activities (Janke, Davey, & Kleiber, 2006) and physical activities (Shaw, Liang, Krause, Gallant, & McGeever, 2010) . Conversely, The PATH study reported an overall increase in physical activity over 8 years in participants initially aged 60-64 years (Bielak, Cherbuin, Bunce, & Anstey, 2014) .
The role of gender in trajectories of activity participation is not well understood, and no theory describes gender differences in leisure activities specifically. Intuitively, gender differences in leisure activities may be expected based upon the notion that interests and hobbies tend to differ along certain patterns for men and women, gender-based social roles exist, and men and women tend to differ to at least some extent in their experiences as they go through life. For example, Nimrod and Kleiber (2007) have suggested that women may be more likely than men to start new activities in older adulthood, possibly leading to more stability in activity participation among women. They also suggest that women may value social activity more than men. With respect to physical activities, there is evidence that men participate in these activities more frequently (Janke et al., 2006) and are less likely to show decline (Shaw et al., 2010) , probably as a function of more physical limitations in women compared with men.
Building on previous research, we set out to investigate change in leisure activity participation, measured as frequency of participation of seven activities that were cognitive/sedentary, social, or physical in nature, across four waves of data collection spanning 17 years, both overall and in men and women separately. We posit that better understanding of trajectories of change in leisure activities and of gender differences in these changes is needed and can help in designing future observational and intervention studies investigating leisure activities in relation to health outcomes.
We used four identical assessments of participation in leisure activities in three domains (physical, social, and cognitive/sedentary) collected from members of the Swedish/ Adoption Twin Study of Aging (SATSA; Finkel & Pedersen, 2004 ) in years 1993 , 2007 , and 2010 . In addition to being able to model change directly, we also (a) look at three major leisure activity domains-cognitive/sedentary, social, and physical-within one study and (b) base our analysis on data spanning 17 years. As a result, our approach can improve our understanding of leisure activity participation profiles across older adulthood. Given the age range of participants, and the fact that we modeled change on the basis of age (rather than simply time as done previously), we were able to estimate change in leisure activity participation between 36 and 91 years of age. We hypothesized that steady decline in participation would be observed in all three leisure activity domains over time, but we also suspected an accelerated decline toward the end of the age range. We also hypothesized that women would report more participation in social activities whereas men would participate in physical activities more often than women.
Method

Participants
Ascertainment procedures for SATSA have been described previously (Finkel & Pedersen, 2004) . In brief, the sample is a subset of twins from the population-based Swedish Twin Registry. The base population comprises all pairs of twins who indicated that they had been separated before the age of 11 years and reared apart, and a sample of twins reared together matched on the basis of gender and date and county of birth. Twins were initially mailed a questionnaire (Q1) in 1984, and afterwards, questionnaire data were collected at irregular intervals. The leisure activity data included in the present analyses were first collected at the fourth questionnaire wave (Q4) in 1993 and included in Waves Q5 (2004), Q6 (2007), and Q7 (2010) .
The current sample was 58% women, and there were no gender differences in rates of participation in questionnaire waves, χ 2 (4,1398) = 4.64, not significant. Nearly half of the sample (46%) had data from three or more waves. Sample size and descriptive information are presented in Table 1 .
Measures
Starting at Q4, participants were asked how often, on a scale of 1 (daily) to 5 (never), they participated in the seven leisure activities listed in Table 2 . Factor analysis across the four questionnaire waves indicated that responses consistently clustered into three factors: social activities, cognitive/sedentary activities, and physical activities. The factor structures at the four measurement occasions are presented in Table 2 . Taken together, the factors explained 58.9% to 62.7% of the variance. Inter-factor correlations were modest, indicating little overlap among the three types of leisure activities. Because the factor loadings differed somewhat at each Q, relevant items were summed to construct each leisure factor to ensure measurement invariance. The cognitive and physical factors were fairly normally distributed, but the social factor demonstrated positive skew; therefore, all factors were rank-normalized to minimize skew. The factors were then translated to T-scores using means and variances from Q4 such that high scores indicated more activity.
Education
In SATSA, education is rated on a 4-point scale from 1 (elementary school) to 4 (university or higher).
Depressive symptoms
Depression was measured at Q4 via the Center for Epidemiological Studies of Depression (CES-D) scale (Radloff, 1977) , which assesses self-report of depressive feelings and behaviors during the last week.
Physical health
A summary of self-reported illnesses was collected at Q4 that incorporated measures of 13 organ systems, including cardiovascular disorders, respiratory disorders, musculoskeletal disorders, and central nervous system disorders (Harris, Pedersen, Stacey, McClearn, & Nesselroade, 1992) . The illness summary indicates the number of chronic illnesses the participant has experienced, and it ranges from 0 to 12 in this sample.
Marital status
Marital status at baseline (Q4) was indicated using a dichotomous variable: married versus widowed/single.
Statistical Method
A growth curve model was used to examine longitudinal trajectories for the leisure activities and the impact of gender, education, depression, and physical health on those trajectories. Marital status was controlled in all models. The structural model can be considered as a multilevel random coefficients model (Bryk & Raudenbush, 1992; McArdle & Anderson, 1990) . The model provides estimation of fixed effects, that is, fixed population parameters as estimated by the average growth model of the entire sample, and random effects, that is, interindividual variability in intraindividual change in growth model parameters. Growth curve models take into account missing data by giving more weight to individuals with the most time points.
The quadratic latent growth curve model (LGCM) that was applied to the data (Bryk & Raudenbush, 1992; Finkel, Reynolds, McArdle, Gatz, & Pedersen, 2003 ) is presented in Figure 1 . Individual scores at any one time are a function of a latent intercept (I), the linear slope (S), the quadratic term (Q), and random error (U 0 − U 3 ). The paths from the latent slope factors to the observed scores are the age basis coefficients, B1t and B1t 2 . The age basis serves as a marker for the age of the individual at each time of measurement, adjusted for the centering age (age 65 years). The model fitting procedure entails fitting individual growth models to all available data; repeated measurements are indicated by the Note: *Difference between men and women is significant at p < .01.
y 0 through y 3 variables. The random errors or uniquenesses (u 0 − u 3 ) represent unaccounted variation from fitting the growth model to the activity participation measures; these time-specific residual variances were constrained to be equal over time. The means (Mi = mean intercept; Ms = mean slope; Mq = mean quadratic; Mc = mean covariate) are the estimates of the average performance and average amount of change. Finally, the relationships among the intercept and rates of change are represented by the correlations Ris, Riq, and Rsq. Although the covariate in the figure (C) is measured with a single indicator (Cov), this can also be expanded to include multiple indicators: education, depression, health, and marital status. Correlations between the covariate and the LGCM parameters (Rci, Rcs, and Rcq) allow us to examine the impact of covariates on components of the growth curve. Finally, using gender as a class variable allows us to test the fit of separate growth models for men and women. The current analyses focus on individual performance, making it necessary to eliminate any bias to standard errors resulting from the inclusion of twins, by including a correction for twin pairs in the modeling. Variation and covariation in the latent growth curve parameters, that is, the random effects, were partitioned into within-and betweenpair components to account for pair dependency. The random-and fixed-effects parameter estimates were obtained using PROC Mixed in SAS 9.4 (SAS, 2002 (SAS, -2012 . Nested models were compared using the difference chi-square test obtained by taking the difference between the obtained model fit statistics [−2LL: −2ln(Likelihood)] and testing its significance with the degrees of freedom equal to the difference in the number of parameters of the two models.
Results
As presented in Table 1 , women who participated at Q4 were on average 1.7 years older than men, t(1193) = 3.01, p < 01, but men/women did not differ significantly at the later waves. Education was significantly higher for men than for women, t(1207) = 3.33, p < .01, and so was CES-D score, t(1207) = 5.32, p < .01. Women reported on average one more illness than men, t(1207) = 7.21, p < .01, and more men (75%) than women (56%) were married, χ 2 (1,1398) = 44.67, p < .01. To examine trajectories of change in the leisure activity factors, six nested latent growth curve models were fit to the Notes: Factor loadings greater than .50 are in bold face. Q4 through Q7 refer to questionnaire waves. COG = cognitive/sedentary factor; PHY = physical factor; SOC = social factor. occurred for all three factors, although the effect was largest for the social factor. Thus, significant gender differences in changes in variance in the leisure factors with age were indicated. The purpose of Models 4-6 was to examine the impact of education, depression, and health on the fixed effects of the latent growth curve models: Education was added in Model 4, then depression was added as well in Model 5. Finally, the illness summary variable was added in Model 6. Model comparisons reported in Table 3 indicated that education had a significant impact on the LGCM parameters for all three leisure factors, but depression had a significant impact for the social factor, only. The illness summary variable added significantly to the fit of the model to the data for the social and physical factors.
The fixed-effects parameters estimated by Model 6 are presented in Table 4 , allowing for an examination of the nature of the influence that gender, education, depression, and health had on trajectories of change in the leisure factors. Overall, we found significant quadratic effects (Age 2 ) for the cognitive/sedentary and physical factors, indicating nonlinear change with age. Consider the social factor: the significant Education × Intercept parameter (1.58) indicates the extent to which the mean intercept is adjusted based on education. In other words, more education was associated with higher mean social activity. Physical health also significantly impacted the intercept (0.41), such that more illnesses were associated with a higher mean level of (relatively sedentary) social activities. The significant Age × Gender parameter (−0.07) indicates the correction from the mean linear slope for men; thus, at the centering age (65 years) social activity was declining significantly faster in men than in women. The significantly negative Age 2 × Gender term means declines in social activity accelerated faster for men than for women. These gender differences are evident in the trajectories reported in Figure 2 : Trajectories estimated by Models 3-6 are reported to allow comparison of the impact of the covariates. In the top panel, it is clear that social activity was fairly stable for women, but declined significantly after the age of 65 years for men. Although the parameter estimates reported in Table 3 indicate significant Age 2 × Depression effects, the effect size (depicted in Figure 2 ) was much smaller than the effect of gender.
The results for the cognitive/sedentary leisure factor are quite different. Parameter estimates in Table 4 indicated that the impacts of education and physical illness were limited to the intercept, only, whereas gender impacted intercept and age. The longitudinal trajectories for the cognitive/sedentary factor in Figure 2 show a clear mean difference in cognitive/ sedentary leisure activity: On average, men scored 4.5 lower on the cognitive/sedentary T-score factor, or about one half a standard deviation. Both men and women showed modest increases in cognitive/sedentary leisure activity up to the age of 65 years, followed by declines in cognitive/sedentary leisure activity beginning around the age of 75 years.
Finally, gender differences were most modest for the physical factor: Model comparisons indicated gender differences in random effects (or variance) only, not in fixed effects. None of the interactions with gender reported in Table 4 achieved statistical significance. Education significantly impacted both the mean and quadratic rate of change in the physical factor. More education resulted in greater physical activity and slower decline in physical activity. Physical health impacted linear changes with age, with better health being associated with slower decline. The trajectories presented in Figure 2 show consistently decreasing physical leisure activity with age, with marginally faster decline for women.
Gender differences in change trajectories for total variance (estimated from the random effects) resulting from Model 6 for the three leisure factors are presented in Figure 3 . Variance increased with age for all three leisure factors, but the increases were most dramatic for cognitive/sedentary and physical activity factors in late adulthood. Even though the data were corrected for physical illness, the likelihood of which increases with age, we still observed increasing variability in participation in leisure activities with age. Gender differences in these two factors were generally modest, with men demonstrating more variability than women in cognitive/ sedentary activities and women demonstrating more variance than men in physical activities. The largest gender difference was found for social leisure activities: Men demonstrated about 30% more variance in social activities than women.
Because birth year ranged from 1886 to 1958 in the current sample, it is possible that these results vary across birth cohorts. Therefore, we subsequently divided the sample into two cohorts at the median birth year (1927) to create cohorts born before and after the onset of the Great Depression. Results indicated no cohort differences in the LGCM results for the physical leisure factor. A significant cohort effect (p < .001) on intercept of the LGCM was found for the social factor: The mean intercepts at the age of 65 years were 4 points higher for both men and women born before 1927. Finally, both cohort (p < .001) and cohort by sex (p < .001) effects were found for the intercept in the cognitive/sedentary factor. Men born before 1927 had a slightly higher mean (1.5 points) than later born men; however, women born before 1927 had a lower mean (3 points) than later born women. (Detailed results are available from authors.)
Discussion
We investigated trajectories of change in participation in cognitive/sedentary, social, and physical leisure activities over four waves and 17 years of follow-up. Our hypothesis regarding steady decline in all three leisure activity domains, based on previous research, was supported only to some extent. Controlling for gender, education, depression, physical health, and marital status, we found that social activity participation declined, but only toward the latter part of the age range. We also found an overall decline in participation in physical activities, which appeared to be a function of (a) decline after the age of 65 years and (b) accelerated decline in advanced old age. Finally, we found an increase in participation in cognitive/sedentary activities, mainly attributable to an increase in participation up until about the age of 70 years.
Our results also offer partial support regarding our second hypothesis that women would participate more in social activities and men in physical activities. We found that women were in fact participating more in social activities, but these gender-based differences emerged only in advanced old age. Participation in physical activities was quite similar, with men being potentially slightly more active in advanced old age only.
In sum, we found support for a relative consistency overall for cognitive/sedentary activity in men and women and for social activity among women, which may be viewed as consistent with the continuity theory of aging (Atchley, 1989) , but may also reflect replacement of activities, hence plausibly providing support for the innovation theory (Nimrod, 2007) . However, this pattern did not hold for social activity in men, where a significant relative decline was observed in advanced old age, and for physical activity, where both men and women declined, with even more decline observed in women. These results provide additional evidence for the effect of age on participation in physical activity reported previously (Shaw et al., 2010; Small et al., 2012) .
With respect to social activity, we found stability until at least 70 years of age and the level of participation in social activities remained steady throughout the study for women. This may again suggest that participation in social activities is continuous throughout older adulthood (Atchley, 1989) , but it may also suggest that individuals effectively replace activities in this domain as they age (Nimrod, 2007) . Similar to previous research (Janke et al., 2006; Small et al., 2012) , we found decline in social activities in advanced old age, but we also found that this decline was largely the function of decline in men, not in women, suggesting that men may stop participating in these types of activities with age, either spontaneously or by choice as part of "selective disengagement" (Kleiber et al., 2008) .
Men have smaller support networks than women and thus marriage constitutes a larger portion of men's social life (Dykstra & Fokkema, 2007) . Moreover, especially in these older cohorts, women are often responsible for maintaining and fostering the social interactions of the couple (Dykstra & de Jong Gierveld, 1994; Rosenthal, 1985) , particularly after the husband retires and loses contact with the social network he had at work. Therefore, widowhood may affect social activity participation in men more than in women. The role of retirement and widowhood in social activity participation among men versus women deserves additional attention.
It is important to note that our list of social activities was restricted to what Janke and colleagues referred to as "formal" activities (church, clubs, and study circles) while informal activities such as social visits were not available. It might be important to capture gender-based trajectories of these informal activities in future research.
Our results for cognitive/sedentary leisure activities, which indicated increased participation until about the age of 70 years, are quite unique. One possibility is that the observed results may be a function of the great age range that was available to us. It may be that as individuals free themselves of work-related responsibilities and approach/ enter retirement, they increase their cognitive/sedentary activity participation. Studies that begin follow-up in older adulthood may not be able to capture this trend. However, Small and colleagues (2012) , who included participants as young as 55 years of age, report a linear decline in activity, although it is not clear whether nonlinear trends were tested. It may be that modeling on the basis of time of study, which Small and colleagues used, as opposed to chronological age potentially obscured stability in cognitive activities during later portions of middle adulthood and early older adulthood.
Another possibility is that as physical function declines with age, older individuals turn to activities that are more sedentary, boosting participation in the cognitive/sedentary domain. This is consistent with the concept of selective optimization with compensation (Baltes & Carstensen, 1996) and should be tested in future research.
It is also important to note that women consistently showed greater participation in the cognitive/sedentary activities than men, possibly as a function of less involvement in occupation among women in this cohort. In this regard, it is interesting, surprising maybe, that men did not show an accelerated increase in cognitive/sedentary participation following retirement age.
Finally, results by Bielak and colleagues (2012) , whose activity variable resembles a combination of our cognitive/ sedentary and social activity variables, reported stability over 8 years in a cohort of people aged 60-64 years at baseline, providing support for our results in this domain.
With respect to physical leisure activities, our results corroborate previous findings that a decline in physical activity is to be expected, especially in women, and that this decline tends to be accelerated in later parts of older adulthood (Janke et al., 2006; Shaw et al., 2010; Small et al., 2012) . It is likely that the decline is either an artifact of greater disability with age (Beltrán-Sánchez, Finch, & Crimmins, 2015) or the tendency of older adults to select fewer, more meaningful activities as they age (Kleiber et al., 2008) . Men did not show greater participation in physical activities than women to the same extent as previous studies. Given that our study included adults who were relatively young at baseline, we can speculate that gender-based differences in physical activities may emerge relatively late in life only.
Variance in leisure activities increased with age overall, particularly starting in the 80s. Specifically, men demonstrated more variance in social and cognitive/sedentary activities, whereas women showed more variance in physical activities. Most likely, factors associated with physical health and thus mobility in later life contribute to greater variability in leisure activity participation. Future studies should consider this fact and apply information about leisure activity participation in advanced old age with caution.
It should be noted that education, depressive symptoms, and health all improved model fit. Education played an important role in overall participation in all three domains, and it seemed to moderate (reduce) the more precipitous decline in participation in social and physical activity observed toward the end of the age range. Depressive symptoms were related to accelerated decline in social activities in later life, and physical health was related to mean levels of social activity and accelerated decline in physical activities.
Finally, we found greater participation in social activity in participants born before 1927 than thereafter, which may be a function of generational changes (decline) in church attendance and involvement in clubs. We also found that men born before 1927 reported slightly higher levels of cognitive/sedentary activity than men born later, whereas women born before 1927 reported less cognitive/sedentary activity than women born later. The cohort by sex interaction likely reflects generational changes in access to education, particularly for women.
The study is not without limitations. First, we only had seven specific items describing leisure activity participation. A greater variety of items and potentially a diarybased approach could help further refine the findings. In addition, the categorization of activities as physical, social, and cognitive/sedentary cannot be considered "pure" as some physical (group sports) or cognitive/sedentary (chess) activities can also be partially social. In addition, motivation for engaging in activities may change with age. For example, some may be motivated by need for social interaction earlier in older adulthood and by health-related need to exercise later, whereas it may be the opposite for others. Second, our measure of social activities was limited to more formal activities as opposed to casual visits. However, the measure still taps into the extent of social activity participation, which has been found important for late-life health outcomes (Fratiglioni, Paillard-Borg, & Winblad, 2004; Seeman & Crimmins, 2001) . Third, there are many variables that can influence or explain participation in activity such as, for example, having children. However, searching for these was not our goal. Instead, our goal was to bring attention to changes in activities with age and by gender, controlling for education, depression, and health.
In conclusion, using data from middle and older adulthood, we found a relatively steady participation in social activities in the sample overall and a decline in activity after about the age of 70 years in men. We also found an increase in cognitive/sedentary activity up until about the age of 70 years, with subsequent leveling and decline. Women reported significantly higher average participation in cognitive/sedentary activity across ages. Finally, we found decline in physical activity that was accelerated after about the age of 70 years, with the trajectory of decline somewhat steeper for women than for men.
The results can inform future research. For example, advanced old age to be a strong moderator of physical activity. Therefore, considering the interaction of age and physical activity may be crucial for valid examination of the role of leisure in late-life outcomes. Further, it may be useful to test whether intervening to boost men's social engagement in late life has health or psychological benefits/ drawbacks. Finally, uncovering the reasons for and potential benefits/drawbacks of the relatively low participation in cognitive/sedentary activity in men may be helpful.
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